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Abstract 
The article presents a new technique of strength and rigidity calculation for cylinder exhaust hood of low pressure steam turbines, 
validated and developed with the use of finite element method. The technique application makes it possible to design steam 
turbine exhaust hoods with lower labor costs and metal consumption. The calculation technique was verified using the results of 
exhaust hoods model tests of T-100 turbine series. Calculated results confirmed the feasibility of upgrading for exhaust hoods of 
T-100 turbine series. New design of exhaust hood for T-125 / 150-12,8 turbine is presented. The effect of the proposed technical 
solutions on the exhaust hood reliability is determined along with the load type impact on the equivalent stress magnitude and 
distribution. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ICIE 2016. 
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1. Introduction 
Steam turbine exhaust hoods (EH), being the turbine final part, provide working fluid (wet steam) discharge from 
the turbine last stage in a predetermined direction. The exhaust hood of steam turbine low pressure cylinder (LPC) is 
a thin-walled, welded box structure of complex configuration [1-3]. The exhaust hoods are welded from a large 
number of 16-30 mm thick sheets, ribs, flanges and other parts made of low-carbon steel. Structural rigidity is 
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provided by internal baffles, external ribs or internal rod system. Exhaust hoods average weight is about 30-50 tons. 
The length of the hoods amounts to 6.8 m and the height ʊ to 2.4 m. 
Various weight loads are acting on the hoods: dead weight, the weight of the LPC or medium-pressure cylinder 
(MPC), the condenser weight, the weight of turbine rotor and generator, as well as the loads of rotor vibration and of 
the hood inner pressure. Considering all this the exhaust hoods strength calculation is extremely awkward and 
complicated. Traditionally experimental methods of investigation were used to estimate the strength and rigidity of 
the EH [4]. Computer technologies development makes it possible to calculate complex welded structures using 
finite elements method (FEM). At present the “Ural Turbine Works” JSC faces a problem of existing exhaust hoods 
improving along with developing EH design for new turbines. With the above mentioned in mind, the authors set 
and solved the following tasks:  
x as now in available Russian literature neither there are techniques for strength and rigidity calculation of steam 
turbines low-pressure cylinder exhaust hoods nor even examples of such calculations, it is necessary to develop 
and verify such a technique based on finite element method for LPC exhaust hoods; 
x to develop and study the exhaust hood strength equalized and reliable design for T-125/150-12.8 turbine while 
providing the minimum labor costs and metal quantity in its manufacturing; 
x to determine the effect of the proposed technical solutions on the exhaust hood reliability. Here introduce the 
paper, and put a nomenclature if necessary, in a box with the same font size as the rest of the paper. The 
paragraphs continue from here and are only separated by headings, subheadings, images and formulae. The 
section headings are arranged by numbers, bold and 10 pt. Here follows further instructions for authors. 
2. Calculation technique 
Strength and rigidity calculation of LPC exhaust hood was carried out by the example of turbines T-100 series 
using the finite element method in the following succession. 
1. Exhaust hood solid model building. The solid model was built in Creo Parametric 2.0 software complex. 
The assumed geometry of the design model was chosen to be the most suitable for FEM, taking into account all the 
parameters that can have a significant effect on the calculation results. Since the left and right halves of the exhaust 
hood are identical (the difference is only in tube connection and it does not affect the calculation) only the left half 
of the EH strength and rigidity were calculated in order to save computing resources (see Fig. 1). Furthermore, to 
solve the problem some physical characteristics of the material were specified. Carbon steel was chosen as the 
exhaust hood material which is usually employed by the turbines manufacturers. 
 
Fig. 1. Solid model of the left half of exhaust hood for T-100 turbine series (generator side): (a) View from the regulator;  
(b) View from the generator. 
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2. Finite elements mesh creating. Finite elements mesh was built using ANSYS Mechanical 14.5 software 
package. At this stage the optimum number of elements and the nodal points were selected in order to obtain the 
maximum possible number of areas with a regular mesh. The mesh contained 0.8-0.9 million of elements. 
3. Load specification. The stage of the load specifying involves the imposition of active forces and 
displacement restrictions on EH model. At this stage the forces are determined taking into account the EH real 
working at the given mode of steam turbine operation. For calculation the following loads and displacement 
restrictions (see Fig. 2) were imposed on the EH: 
 
Fig. 2. A system of forces and displacement restrictions acting on the exhaust hood for T-100 turbine series: (a) View from the regulator; (b) 
View from the generator. 
x the force with which the generator rotor acts on EH (Ref. No 1). This force is applied to the support surface of 
built-in generator bearing lining ; 
x the force with which the low-pressure rotor acts on the EH (Ref. No 2). This force is applied to the support 
surface of the low-pressure cylinder bearing lining; 
x the force with which the middle part average of the low-pressure cylinder and bypass pipes act on the vertical 
joint flange of the exhaust hood (Ref. No 3). This force is applied to the entire surface of the vertical flange; 
x the force with which the condenser affects the EH. This force comprises the weight of entire condenser group in 
operation conditions with water space fully filled and the vapor space filled with condensate to the upper 
permissible level (Ref. No 4). Said force is applied to the condenser neck welding position; 
x the force created by the vapor pressure on the inner surface of the EH (Ref. No. 5). The pressure is applied to all 
internal surfaces of the hood; 
x atmospheric pressure on the outer surface of the hood (Ref. No. 6). The pressure is applied to all outer surfaces of 
the hood; 
x the gravity force of the EH itself (Ref. No. 7); 
x displacement restrictions on the front bed frames in axial and transverse-direction (Ref. No. 8); displacement 
restrictions on the rear bed frames in transverse-direction (Ref. No. 9); 
x hood design symmetry with respect to the longitudinal section of the turbine (Ref. No. 10). 
4. Strength and rigidity calculation. The calculation was performed using the Finite element method in 
ANSYS Mechanical 14.5 software package. 
5. Analysis of the calculation results. Equivalent stress distribution (according to R.E. von Mises) indicates 
the EH design strength (see Fig. 3); total strain distribution shows the rigidity of EH structure (see Fig. 4). In 
addition, at this stage stress and strain distribution fields are converted into the plots or master tables. To achieve 
this, a scheme was introduced of stress and strain measurements similar to the experiment scheme [4]. 
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Fig. 3. Equivalent stress distribution (according to R.E. von Mises) of exhaust hood for T-100 turbine series: (a) View from the regulator; (b) 
View from the generator. 
 
Fig. 4. Total strain distribution of exhaust hood for T-100 turbine series: (a) View from the regulator; (b) View from the generator. 
At the stage of calculation results analysis the zones of maximum stress and strain were revealed. The following 
methods were also studied of EH strength and rigidity rising (without its weight significant increase): 
1. Strain blocking by introduction of transverse and diagonal braces (rods); 
2. Employing the parts of elliptic, arched and spherical forms; 
3. Strengthening of the attachment places and of the transition areas from one section to another. 
On the basis of calculation results analysis and possible applications of presented ways of EH strength and 
rigidity improvement the decision should be made ʊ whether to change EH design (i.e. to change EH solid model 
and to perform the calculation again in full) or to approve of it and start production of design project documentation. 
3. Strength and rigidity calculation for exhaust hood of T-100 turbine series 
To verify the above presented technique a decision was made to perform EH strength and rigidity calculations for 
T-100 turbine series and compare the results with model experiment data [4]. The calculations were performed for 
the following EH alternate de-sign for T-100 series turbines: 
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1. The exhaust hood for T-100 turbine series manufactured before 1971 ʊ with external ribs on the upper 
half of the hood. 
2. The exhaust hood for T-100 turbine series manufactured after 1971 ʊ without external ribs on the upper 
half of the hood. 
3. The exhaust hood for T-100 turbine series manufactured after 1971 ʊ without the guiding rib in the upper 
half (modernization project). 
The results of the calculations are shown on Fig. 5. 
 
Fig. 5. Average equivalent stress distribution (according to R.E. von Mises) for various versions of the exhaust hood for T-100 turbine series. 
EH for T-100 turbine series manufactured before 1971 (with external ribs on the up-per half). Zone with the 
maximum stress is located at the supporting ribs of the rear bed frame. Maximum deformations (0.7 mm) are located 
in the area of the side wall of the lower half (condenser neck welding position). The average level of strain in the 
bearing housing is about 0.4ʊ0.5 mm. 
EH for T-100 turbine series manufactured after 1971 (without external ribs on the upper half). Zone with the 
maximum stress is located at the supporting ribs of the rear bed frame. Maximum deformations (1.5 mm) are located 
in the area of the lower half side wall (condenser neck welding position). The average level of strain in the bearing 
housing is about 0.4ʊ0.5 mm. 
Modernized EH for T-100 turbine series (without external ribs and guiding rib in the upper half). Maximum 
stress zone is located at the upper half rear wall. Maximum deformations (4.4 mm) are located on the upper half 
back wall. The average level of strain in the bearing housing is about 0.5ʊ0.6 mm. 
In general, the results of FEM calculation in ANSYS software package are well correlated to the results of the 
model experiment [4]. Stress distribution diagrams shown on Fig. 5 are fully identical. The difference in the stress 
values obtained can be explained by an error in model experiment measurements and in calculation. Thus, the 
strength and rigidity technique can be considered verified and suitable for similar calculations. 
In addition, the analysis of the calculation results permits to confirm the feasibility of modernization project for 
turbines of T-100 series aimed at the guiding ribs removal out of EH upper half. Guiding ribs removal results in 2 
times increase of the rear wall stress with yield strength safety factor reducing at the rear wall from 7.2 to 3.6 times. 
However, in this case there occurs a redistribution of stresses in the lower half and average stress level is reduced by 
2ʊ3 times. 
The strength of EH structure in all the options under consideration is quite sufficient, since the stress values 
obtained are 3ʊ10 times less than yield strength (depending on the area under consideration and hood 
configuration). Long-term successful operation of these exhaust hoods confirms such conclusion. 
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4. Strength and rigidity calculation for exhaust hood of T-125/150-12.8 turbine 
New exhaust hood for T-125/150-12.8 turbine was designed having taken into account the EH calculation results 
obtained for T-100 turbine series with the implementation of the following technical solutions: 
x to eliminate the external ribs of EH lower half. This solution permits to reduce labor costs and metal consumption 
in the hoods manufacturing; 
x to make the rear end wall of EH upper half elliptical. This solution permits to make the end wall full-strength and 
almost not exposed to deformations. Rear end wall elliptic form simplifies greatly the technological process of 
EH manufacturing as the end wall is formed by cutting of a unified pressed elliptical bottom; 
x to implement stiffness system as a system of internal braces (rods) instead of ribs, as the rod system of round 
braces has a smaller aerodynamic resistance to a disordered steam flow. On this basis a developed rod systems 
are installed in the upper and middle parts of EH. The guiding ribs are installed only in the bottom part of EH 
lower half. The number of ribs and channels formed in the lower half is minimized. The configuration of rib-rod 
system is selected so as to benefit from the use of rods and ribs, while minimizing their disadvantages. The 
essence of the proposed design is illustrated by Fig. 6. 
Maximum stress zone is located near the supporting ribs of the rear bed frame. The maximum deformations 
(1.1mm) are located in the lower half rear wall (condenser neck welding position). The average level of strain in the 
bearing housing is about 0.8ʊ0.9 mm. 
Average equivalent stress distribution of the EH for T-125/150-12.8 turbine compared with that of various EH 
variants for T-100 turbine series is presented on Fig. 7. 
Calculation results analysis shows that: 
x EH of the T-125 / 150-12.8 turbine meets all the requirements of its reliable operation (required strength and 
rigidity are ensured). Russian Federation patent (ʋ157430) was granted for the research; 
x EH for T-125 / 150-12.8 turbine is characterized by a more uniform stress distribution compared to that of EH of 
T-100 turbine series. The average stress values in the upper and lower halves are in the range of 5ʊ20 MPa, 
which ensures tenfold strength reserve; 
x similar to EH of T-100 turbine series, the most unloaded portion of the hood is its upper wall of the upper half, 
where the atmospheric valves are located;  
x elliptical bottoms application in the upper half of the hood permits to decrease the average stress level by10.6 
times (from 61.7 MPa to 5.8 MPa); 
x proposed design solutions lead to decrease in metal consumption by 20% (EH for T-100 turbine series weighs 40 
tons and EH for T-125/150-12.8 turbine estimated weight is about 32 tons). Given that the low pressure cylinder 
EH is a complex welded construction consisting mainly of sheet metal, the decrease of metal consumption will 
proportionally decrease the complexity of manufacturing (reducing the number of marking, cutting, bending and 
subsequent welding of sheet metal). 
Furthermore, for all EH design variants under consideration series of calculations were performed to determine 
the effect of various types of loads on the equivalent stress value and distribution. To achieve this, each EH was 
calculated in two versions with different specification of the boundary conditions: 
1 version ʊ EH was affected only by the pressure drop; 
2 version ʊ EH was affected only by the weight loads (generator rotor weight, low pressure rotor weight, 
condenser weight, the weight of the middle part and of the bypass pipes). 
The restrictions on displacements, hood material and design symmetry conditions remained valid. 
Calculation results analysis for different versions of the boundary conditions leads to the following conclusions: 
x the greatest load on EH is exerted by the pressure difference between the EH inner and the outer space. Stress 
caused by weight accounts for 20ʊ50% of the stresses caused by the pressure difference. In order to provide the 
necessary verification of structural strength EH hydraulic test at the manufacturer is recommended; 
x the pattern of the distribution of the average equivalent stress caused by pressure difference coincides with the 
average equivalent stress distribution of the fully loaded EHs (by both pressure drop and weight loads); 
x more often the most loaded hood elements are the ribs at the front and rear bed frames of the turbine. 
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Fig. 6. Low pressure cylinder exhaust hood of T-125/150-12.8 turbine: 1 ʊ upper half; 2 ʊ lower part; 3 ʊ horizontal joint; 4 ʊ vertical joint 
flange; 5 ʊ supporting belt; 6 ʊ lateral rib; 7 ʊ longitudinal ribs; 8 ʊ atmospheric valves; 9 ʊ fairing; 10 ʊ casing; 11 ʊ rod system; 12 ʊ 
end wall made of the elliptical bottoms 
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Conclusion 
1. A technique was carried out and verified for strength and rigidity calculation of the low pressure cylinder 
exhaust hood. The technique application for strength and rigidity calculation permits design steam turbine exhaust 
hoods with lower labor costs and metal consumption.  
2. Calculations performed according to the new technique confirm the feasibility of the modernization project 
for turbines of T-100 series aimed at the guiding ribs removal out of EH upper half.  
3. A design is developed and studied of the new full-strength EH for T-125/150-12.8 turbine, meeting all the 
reliability requirements. The effect of the proposed technical solutions on the reliability of EH operation is 
estimated. New EH for T-125/150-12.8 turbine is characterized by a more uniform stress distribution compared to 
that of EH of T-100 turbine series. The average stress values in the upper and lower halves are in the range of 5ʊ20 
MPa, which ensures tenfold strength reserve. The proposed design solutions lead to as many as 20% decrease of 
metal consumption and labor costs. 
To verify the above presented technique a decision was made to perform EH strength and rigidity calculations for 
T-100 turbine series and compare the results with model experiment data [4]. The calculations were performed for 
the following EH alternate de-sign for T-100 series turbines: 
 
Fig. 7. Average equivalent stress distribution (according to R.E. von Mises) for various versions of the exhaust hood for T-100 turbine series and 
for T-125/150-12.8 turbine 
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